Summary. Lipids were extracted from the spermatozoa and seminal plasma of buffalo and were analysed by column and thin-layer chromatography. Buffalo spermatozoa (109 cells) contained 1\m=.\15 mg total lipids, 0\m=.\285 mg neutral lipids, 0\m=.\396 mg glycolipids, 0\m=.\547 mg phospholipids and 0\m=.\015 mg gangliosides. The corresponding values for 1 ml seminal plasma were: 1\m=.\50,0\m=.\439,0\m=.\581,0\m=.\594and 0\m=.\010 mg. The sperm neutral lipids were comprised of 3\m=.\2%hydrocarbons, 4\ m=. \ 5% cholesterol esters, 46\m=.\7% triglycerides, 17\m=.\5%1,3-diglycerides, 3\m=.\1%1,2-diglycerides, 17\m=.\6%cholesterol, 0\m=.\6% free fatty acids and 2\m=.\4%monoglycerides. The corresponding values for seminal plasma were: 4\m=.\2,6\m=.\2,33\m=.\0,19\m=.\8,4\m=.\2,18\m=.\5,3\ m=. \ 8 and 4\m=.\7%. In the sperm phospholipids, there was 30\m=.\4%phosphatidyl choline; 19\m=.\4%phosphatidal choline; 10\m=.\8%phos-phatidyl ethanolamine; 3\m=.\4%phosphatidal ethanolamine; 11\m=.\3%sphingomyelin; 1\m=.\5%phosphhatidyl serine; 0\m=.\6%phosphatidyl inositol; 3\m=.\9%lysophosphatidyl choline; 4\m=.\4%lysophosphatidyl ethanolamine; 0\m=.\7%lysophosphatidyl serine; 5\m=.\5%diphosphhatidyl glycerol and 0\m=.\3%phosphatidic acid. The corresponding values for seminal plasma were: 21\m=.\7,17\m=.\3,11\m=.\7,4\m=.\1,13\m=.\1,2\m=.\8,3\m=.\9,5\m=.\6,1\m=.\0,7\m=.\4and 0\m=.\5%.Comparative data for bull spermatozoa and seminal plasma were also obtained.
Introduction
The composition and metabolism of lipids in semen have been investigated for the bull (Komarek, Pickett, Lanz & Jensen, 1964; Pursel & Graham, 1967) , ram (Lovern, Olley, Hartree & Mann, 1957) , boar (Komarek, Pickett, Gibson & Jensen, 1965a; Johnson, Gerrits & Young, 1969) , stallion (Komarek, Pickett, Gibson & Lanz, 1965b) , goat (Jain & Anand, 1975b) and man . There are only two reports of lipids in buffalo semen (Jain & Anand, 1975a; Guraya & Sidhu, 1975) . In view of the role lipids play in sperm physiology and metabolism, the lipid composition of buffalo semen was determined and compared with that of bull semen.
Materials and Methods

Materials
Silicic acid, 100 mesh, was purchased from Fluka, Buchs, Switzerland, and Silica gel G was the product of E. Merck, Darmstadt, Germany. All the solvents and other chemicals were of analytical reagent grade. The (Folch, Lees & Sloane-Stanley, 1957 Vishwanathan, Philips & Lundburg (1968) was employed. After the separation of phospholipids in the first direction, the plate was exposed to HC1 fumes for 4 min and then was neutralized by ammonia vapour. The plate was flushed with nitrogen for 1 hr and developed in the second direction. The 2-acyl lyso forms were separated from di-acyl analogues and represented the plasmalogen content.
Identification and characterization ofspots
Visualization was effected by spraying the plates with 40% sulphuric acid and charring at 180CC for 30 min. The mobilities of unknown spots were compared with those of authentic samples run under identical conditions. In addition, use of specific spray reagents was made. Phosphorus com¬ pounds were detected by molybdate-hydrazine spray (Vaskovsky 8c Svetaschev, 1972) , amino lipids by ninhydrin (Dittmer & Lester, 1964) , hydroxy compounds by ammoniacal silver nitrate (Skidmore & Entenman, 1962) , choline by Dragendorff's reagent (Kariyone & Hoshimoto, 1951) and aldehydogenic lipids by Schiff's reagent (Kates, 1967) and 2:4 dinitrophenyl hydrazine (Schmid & Mangold, 1966) .
Analytical methods
The dry matter content of spermatozoa, seminal plasma and various lipid classes was determined gravimetrically. The neutral lipids were quantitated by first delineating them on thin-layer plates with iodine vapour. The areas were circumscribed and scraped into a centrifuge vial and assayed by the sulphuric acid charring method of Marsh & Weinstein (1966) . The phospholipids were quanti¬ fied through estimation of their phosphorus content (Ahovcova & Odavie, 1969) and multiplying by 25.
Results and Discussion
The results of all the measurements taken are given in Table 1 . Buffalo spermatozoa (18-46%) had higher dry matter content than either the seminal plasma (4-73 ± 0-14) or semen (5-98 ± 0-18).
Comparison of these values with those of the bull (Lavon, Volcani & Dannon, 1968) revealed that the percentage dry matter of buffalo spermatozoa and seminal plasma was lower. The dry matter of buffalo semen was generally within the range of values given by Mann (1960) for other mammalian species. (Komarek et al., 1964 (Komarek et al., ,1965a . The semen of the stallion (Komarek et al., 1965b ) has a higher total lipid content (14%) and ram semen a lower value of 7-9% (Lovern et al, 1957) . Bull seminal plasma had higher total lipid content than that in buffalo seminal plasma (Table 1) . On a dry weight basis, the lipid content of buffalo seminal plasma was 3-17 % and was higher than the value of 1 -21 % estimated for bull seminal plasma by Pickett & Komarek (1967) . Buffalo spermatozoa contained more neutral lipids and glycolipids than bull spermatozoa which had a higher proportion of phospho¬ lipids. While no differences were observed in the total neutral lipid content of buffalo and bull seminal plasma, the former was rich in glycolipids and the latter in phospholipids. Komarek et al. (1964 Komarek et al. ( , 1965a , b) observed 25-0-48-8% neutral lipids in the semen of bull, boar and stallion. No report is available on the total glycolipid content in semen for any mammal other than buffalo and bull (Table 1) . Phospholipids constituted a higher proportion of the total lipids in bull (59-1 %) than in buffalo (47-8 %) spermatozoa and have been reported to be the major component of total lipids of spermatozoa and seminal plasma of bull (Komarek et al., 1964; Miller, Mayer & Merilan, 1965; Pursel & Graham, 1967) , boar (Johnson et al, 1969; Komarek et al., 1965a) , goat (Jain & Anand, 1975b) , stallion (Komarek et al, 1965b) and man than the monoglyceride spot but could not be characterized. Triglycérides were the major component of buffalo and bull semen; 11-63% for buffalo and 9-6% for bull spermatozoa and 9-81% and 12-36% respectively in seminal plasma. Analysis of the seminal neutral lipids of bull (Miller et al., 1965; Komarek et al., 1964) , boar (Komarek et al., 1965a) and stallion (Komarek et al., 1965b) showed that cholesterol was the major component, followed by triglycérides. (Miller et al., 1965; Komarek et al., 1964 Komarek et al., , 1965a but there was no resolution into 1,2-and 1,3-diglycerides. In buffalo and bull, we found that the diglycerides were mainly 1,3-diglycerides. Miller et al. (1965) were unable to demon¬ strate free fatty acids in bovine semen but we found a small percentage of free fatty acids in buffalo and bull semen. Thus, the neutral lipid composition of the spermatozoa and seminal plasma of the two species studied were qualitatively similar but differed quantitatively, and there were distinct differences compared with findings in other species, particularly in the major component.
Phospholipids
The phospholipids of buffalo and bull spermatozoa and seminal plasma showed similar Chromato¬ graphie patterns and the same number of spots on the chromatoplates (Table 3) . Three minor spots which contained phosphorus and gave a positive reaction with phospholipid sprays were not charac¬ terized because no colour reaction was obtained for bases.
Phosphatidyl choline was the major phospholipid of buffalo spermatozoa and seminal plasma but was at lower concentration in bull and goat (Jain & Anand, 1975b) (Pursel & Graham, 1967) , ram (Darin-Bennett, and goat (Jain & Anand, 1975b ), but they differ from those for boar (Johnson et al, 1969) and man in which ethanolamine plasmalogens are found in larger amounts. Sphingomyelin, phosphatidyl serine, cardiolipin and plasmalogen were reported to be absent in buffalo semen by Guraya & Sidhu (1975) , but their occurrence is definitely established by the present study. Among the lysophospholipids, the choline form has been reported in bull, ram and boar semen (Clegg & Foote, 1973; Darin-Bennett et al, 1973; Johnson et al, 1969) but Jain & Anand (1975b) detected, in addition, the ethanolamine and serine forms in the phospholipids of goat semen. As in the goat, there was more lysophosphatidyl choline and ethanolamine than serine in buffalo and bull seminal phospholipids. The lysophospholipids could have arisen by lipolysis during isolation but this seems unlikely because of their occurrence in appreciable amounts. It is also possible that our technique was more effective in separating endogenous lysophospholipids than the methods employed for other species.
Lardy & Philips (1941) suggested that, in the absence of glycolysable carbohydrates, bull sperma¬ tozoa derive their energy by the oxidation of intracellular phospholipids. It has now been shown that human and ram (Darin-Bennett et al, 1973) spermatozoa do not use intra¬ cellular phospholipids as a source of oxidizable substrate in a sugar-free medium. It would be interest¬ ing to study buffalo spermatozoa in this way because they sustain endogenous respiration for long periods (Gandhi & Anand, 1975) and also contain much glycolipid and phospholipid. Phospholipids are also important structural components of membranes. The structural integrity of plasma and other membranes of the sperm cell is an important factor during the freezing of semen. In contrast to bull spermatozoa, buffalo spermatozoa do not maintain their fertilizing ability when semen is deep frozen (Singh, 1967) and this may be due to the compositional differences revealed in the present study.
